Conditions for separation and identification of integristerone A (1), 20-hydroxyecdysone (2), ecdysone (3) and 2-deoxy-20-hydroxyecdysone (4) by reversed-phase HPLC with UV and mass-selective detection at atmospheric pressure chemical ionization have been developed. Correlation between quasi-molecular ions fragmentation and structure peculiarities of the studied ecdysteroids has been shown. Application of these conditions for the analysis of extract from the inflorescences of Serratula komarovii made it possible to reveal and to identify compounds 1, 2 and 4.
Ecdysteroids are a large group of compounds, similar in structure, that exist in plant and animal tissues. To identify and determine some ecdysteroids, highperformance liquid chromatography with massselective detection (HPLC-MS) has successfully been employed [1, 2] . The criteria that predetermined the choice of this method for ecdysteroid analysis are the following: relatively simple sample preparation, no need for derivation of the compounds under study, and the high sensitivity of mass-selective detectors.
The plethora of information in the literature on ecdysteroid content of biological materials notwithstanding [3] [4] [5] , the issue of simultaneous identification of some representatives of this lowmolecular bioregulator class is still left open. Due to ecdysteroids diversity and their occurrence in various biological materials, many authors have focused on the identification of individual representatives of this compound class. Diverse mixtures of compounds have been considered [6] [7] [8] [9] , but the co-existence of method of simultaneous identification of these four ecdysteroids that belong to the same metabolic branch [10] .
Standards of each compound, as well as their mixture, were studied by HPLC with UV sequence and mass-selective detection. We determined the conditions for HPLC analysis of the mixture of the four compounds and found that reliable information on ecdysteroid content (Table 1) can be obtained in a short time (18 min).
While applying standards of the individual ecdysteroids, their elution sequence from nonpolar sorbents was determined as 1 → 2 → 3 → 4. The last two compounds are isomers in their hydroxyl group location, which leads to their good resolvability in the chromatogram. The structure differences of the investigated ecdysteroids ( Figure 1 ) result in some similarities and differences in their mass spectral patterns. The intensity of the quasi-molecular ions of 2 and 4 comprised 100%, and their fragmentation was identical. Contrary to this finding, in the mass spectra of 1 and 3, the intensity of the quasi-molecular ions was 3 and 7%, respectively. This can be explained by the instability of the polyhydroxylated intermediates produced by atmospheric pressure chemical ionization (APCI), with a rapid loss of water.
The sequential removal of water was observed in the mass spectra of the investigated ecdysteroids. However, no fragment ions resulting from the loss of all the hydroxyl groups were found. The finding can probably be explained by the considerable difficulty of the hydroxyl group to detach from the tertiary C-14 carbon atom. Comparing the structures of the ecdysteroids under investigation, it is worthy of note that the absence of a hydroxyl group at C-2 does not lead to a decrease in quasi-molecular ion stability. At the same time, the absence of a hydroxyl group at C-20 and the occurrence of one at C-1 leads to a rapid loss of a water molecule and, as a consequence, a significant decrease in quasi-molecular ion intensity. Due to this, the identification of 3 and 4 is considerably easier and does not require the presence of standards when mass selective detection in APCI is used.
About 300 ecdysteroids have been described to date, which has resulted in an extensive base of these compounds [11] . This notwithstanding, there 
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Under the same conditions, we analyzed the extract from the inflorescences of Serratula komarovii (Figure 2) , where compounds 1, 2 and 4 were revealed [12] .
Ecdysteroids are known to have a wide spectrum of biological effects [13] , the direction of which depends on their structural characteristics [14] . Therefore, an important stage in the determination of these effects is the development of separation methods with the target of reliable identification of the compounds.
To sum up, the developed ecdysteroid HPLC analytical method can be used for the identification of the compounds in biological materials, after appropriate preparation of the specimens. Under the analytical conditions, all the compounds are well separated from other components in the mixture, which makes reliable identification of the ecdysteroids possible.
Experimental
The plant material (Serratula komarovii Iljin, Asteraceae) was collected in 2006 in the Amur region, Russian Federation. Standards of compounds 2, 3 and 4 were obtained from Sigma. Compound 1 was obtained from the Institute of Petroleum Chemistry and Catalysis, Russian Federation. All solvents and chemicals were of analytical grade.
Air-dried inflorescences (about 200 mg, accurately weighed, residual moisture <8.2 %) were extracted with ethanol-water (7:3, 10 mL) at room temperature for 3 days. The resulting extracts were filtered. A portion (0.9 mL) was treated with water (12 mL). Solid-phase extraction was carried out with Supelclean C 18 columns (Supelco) using ethanolwater (3:2) as eluent.
HPLC-UV-MS was performed on an Agilent 1100
Series LC/MSD chromatograph-mass spectrometer (Agilent) equipped with a MS detector and a UV-VIS photodiode array detector. Separation occurred through a Hypersil ODS column (250 mm; 4.0 mm i.d.; 5.0 μm part size) at 55°C. Acetonitrile-water (20:80) was used as eluent at a rate of 1 mL/min. The range of detection was m/z 150-1000 (APCI, positive-ion detection). The potential in the fragmentor was 70 V and in the ion source, 4 kV. The drying gas (N 2 ) flow rate was 6 L/min. The nebulizer gas (N 2 ) pressure was 50 psi. All chromatograms were registered with MS and UV detector signals simultaneously. All UV spectra were recorded with a UV-VIS photodiode array detector.
